In children, the Intermittent Preventive Treatment (IPTc), currently called Seasonal Malaria Chemoprevention (SMC), was considered effective on malaria control due to the reduction of its incidence in Papua New Guinea and in some areas with seasonal malaria in Africa. However, the IPT has not been indicated because of its association with drug resistance and for hindering natural immunity development. Thus, we evaluated the alternative IPT impact on malaria incidence in three riverside communities on Madeira River, in the municipality of Porto Velho, RO. We denominate this scheme Selective Intermittent Preventive Treatment (SIPT). The SIPT consists in a weekly dose of two 150 mg chloroquine tablets for 12 weeks, for adults, and an equivalent dose for children, after complete supervised treatment for P. vivax infection. This scheme is recommend by Brazilian Health Ministry to avoid frequent relapses. The clinic parasitological and epidemiological surveillance showed a significant reduction on vivax malaria incidence. The results showed a reduction on relapses and recurrence of malaria after SIPT implementation. The SIPT can be effective on vivax malaria control in localities with high transmission risk in the Brazilian Amazon.
Introduction
In Brazil 99% of malaria cases occur in Amazon areas. In recent years, the number of cases per year decreased from 500.000 (2006) to 300.000 (2011) [1] . The Artemisin-based Combination Therapy, used by Brazilian Health Ministry decreased the falciparum malaria incidence (i.e., number of total positive thick blood smear/falciparum thick blood smear × 100) from 26.5 in 2006 to 12.4 in 2011. These results do not consider Asymptomatic Plasmodium Carriers (APC), found frequently in holoendemic areas of Africa and Papua New Guinea [2, 3] , but not in Amazon areas [4, 5] . However, recent studies show the presence of APC in several areas of the Brazilian Amazon [6] [7] [8] [9] [10] [11] .
Several works showed that residual malaria may resist to conventional treatment [12] [13] [14] [15] . Thus, the APC presence, associated with ineffective tools for vector control and population mobility in Amazon, can be regarded as important factors to explain the increase and maintenance of malaria [16] . Frequencies from 10% to 40% APC were found in adults living in different riverside areas of Madeira River, in Rondônia state [8, 10, 12, 14] . In the same areas, relapses frequency of 6.5% was found after complete treatment with chloroquine (CQ) plus primaquine (PQ) for 14 days, and of 26.7% after the same treatment for 7 days [17] . Previous works were performed to verify the impact of treatment of APC. The treatment of APC of P. falciparum led to reduction of malaria cases. However, for APC of P. vivax no influence in malaria cases was reported [18] . The ineffectiveness can be attributed to relapses that occur after the complete treatment (CQ plus PQ) of symptomatic patients and APC. Thus, in these areas the clinical immunity observed to P. vivax is not species specific but only strain specific [15] .
Recently in Papua New Guinea and in African areas where malaria is seasonal, Intermittent Preventive Treatment (IPT) led to a significant reduction on malaria incidence in children [19] [20] [21] [22] [23] [24] . World Health Organization currently called Seasonal Malaria Chemoprevention (SMC). Thus, the present work evaluates the introduction of Selective Intermittent Preventive Treatment for malaria control in riverside communities of Madeira River, in Rondônia state, Brazil. In these areas P. falciparum corresponds to 10% of malaria cases, while P. vivax is the main parasite found in the patients and remains with high prevalence levels [1] .
Previous studies showed that APC of P. vivax prevalence was 20% in these areas [16] , and the authors decided to associate Selective Intermittent Preventive Treatment (SIPT). It consisted in a supervised weekly dose of CQ tablets (maximum 300 mg), for 12 weeks. This method was applied selectively to symptomatic and asymptomatic carriers of vivax malaria, after the complete treatment, supervised by a health agent, with CQ plus PQ. This weekly treatment scheme with CQ is recommended by Brazilian Health Ministry in order to avoid relapses in patients after complete treatment, especially in newborns and pregnant women. The dosage has to be proportional to age/weight of the patient.
The main difference between the original IPT [25] [26] [27] [28] [29] [30] and the SIPT is the complexity of the composition of the drug required for chemoprophylaxis of falciparum and vivax malaria in high and holoendemic areas of Papua New Guinea and of the sub-Saharan Africa, and also the simplicity of the preventive treatment with CQ, which prevents recurrence. The SIPT was applied after the complete supervised treatment of vivax malaria, and monitoring of clinical cases and APC to prevent recurrences and relapses.
Materials and Methods

Study Area.
The study was conducted from January 2008 to December 2012 in three riverside communities: Cachoeira to Teotônio (CT), Vila Amazonas (VA), and São Sebastião (SS), located near the municipality of Porto Velho, RO, in Brazilian Amazon (Figure 1) [13, 15, 16] . A Garmin eTrexVista was used to georeference the houses. Information from 2007 was obtained for the study baseline. asymptomatic or symptomatic carriers of P. vivax were monitored for eventual relapses. Malaria incidence was calculated in percentage (number of cases per 100 people). The cases presented at health facilities were supervised by our health agents. The asymptomatic relapses were not considered.
Complete Treatment.
The symptomatic inhabitants were treated according to the Brazilian Health Ministry protocol [26] . Thus, P. falciparum infection was treated with artemether-lumefantrine, Coartem [32, 33] , while P. vivax infection was treated with CQ (25 mg/kg base over 3 days: 10.0 mg/kg on day 1, and 7.5 mg/kg on days 2 and 3) plus PQ (0.5 mg/kg/day for 7 days) for seven days (short scheme), and adjusted for patient weight [32] . The treatments started between 24 and 48 hours after the first symptom episode or positive laboratory diagnosis. PQ was not administered in pregnant women and newborns younger than six-monthsold, and no allergic cases were related throughout the study.
Selective Intermittent Preventive Treatment.
The SIPT is based on weekly CQ dose (5.0 mg/kg base) for 12 weeks, beginning 7 days after the end of the supervised complete treatment. This scheme is recommended by Brazilian Health Ministry to avoid frequent relapses. The SIPT was applied to APC in VA (June 2009) and CT (August 2010), and all symptomatic cases after these dates with thick blood smear diagnostic.
Entomological Surveillance. Mosquitoes were collected by Human Landing Catches (HLC) from January 2008 to
December 2012. The catches were carried out monthly in CT and VA. In a house assigned for HLC, four health workers, two indoors and two outdoors, collected the mosquitoes landing on (safely) exposed legs and feet, from 06:00 pm to 12:00 am. The Brazilian official protocol "Estratégias de Proteção para o Profissional Técnico Responsável pelas Capturas de Anofelinos" [32] was followed. The Human Biting Rate (HBR) was calculated [32, 34] . No accidental infection occurred to any health worker during the experiments. The Ethical Committee approval for this study was granted by the Ethical Committee of CEPEM (CEP-CEPEM). The term of agreement for the catching procedures was provided to all health workers involved, who consented to it. 
Statistical Analysis.
Statistical analyses were performed using GraphPad Prism (version 5.0). For malaria incidence analysis, before and after SIPT application, the Wilcoxon test was used with confidence intervals of 95%. Odds ratio and relative risk were calculated by contingency table for malaria incidence between localities.
Ethical
Considerations. The present study was approved by the Ethical Committee of the CEPEM (CEP-CEPEM), and it was registered under the number 070/2008. Information about the study was provided to the all inhabitants, and a term of agreement was signed.
Results
Baseline Cross-Section Survey and APC Prevalence.
In 2007 a survey was conducted in the localities to get the baseline. A total of 869 inhabitants were counted in the three communities. No difference was found in the both age and gender of inhabitants ( = 0.737 and = 0.344, resp.), malaria incidence ( = 0.824) or prevalence ( = 0.626) of P. vivax (Table 1) . When considering the inhabitants' living time in endemic areas and the APC prevalence, statistical difference was found amongst the community. The distribution of P. vivax and P. falciparum, in APC, by gender and age, showed a percent difference (Table 2) .
Population Mobility and Migrations.
After 55 months of the open cohort study, of 1,286 informed and consenting subjects, 869 were tested by PCR in 2008 to identify APC of P. vivax; 75 and 126 SIPT were performed in VA and CT, respectively (Figure 2) . The communities are located in the Madeira River riverbanks, which is affected by the implementation of a hydroelectric power plant. Thus, this area had a higher level of inhabitants' flow during the study, registered by the monthly census. Additionally, survey of malaria incidence allowed estimating cases/100 persons per year, in a six-month period (Table 3 ). This data contains the relative risk (RR) calculated in SS, considering the population flow in each community. After the treatment of APC and SIPT introduction, VA showed a significant reduction in malaria incidence ( Table 3 ). The number of cases/100 persons-year was reduced from 38.7 to 1.8 in five semesters. This reduction was significantly higher than found in SS ( < 0.05). CT showed no reduction in vivax malaria incidence two semesters after the treatment of APC. However, after SIPT application for symptomatic vivax malaria, a significant decrease of malaria incidence was observed ( < 0.05). The recurrence of malaria in inhabitants during the study suggests that SIPT inhibits relapses. In SS the recurrence percentage has not changed significantly ( > 0.05). However, in VA and CT there was a significant decrease after SIPT application (Table 4) . Analyzing equal periods before and after the introduction of SIPT (Table 5) and 9 months, respectively, were reported. The results are similar to a previous study [15] . However, this result was also observed in the community of control. The authors consider that the treatment adopted by the Brazilian Health Ministry, with the combination of artemether/lumefantrine as first-line treatment of symptomatic falciparum malaria, is the main responsible for this reduction (Table 4) . Both vivax malaria cases and cases/100 persons-year significantly decreased in VA and CT, while in the SS, they presented stable (Figure 4 ).
In the present study, no adverse events related to chloroquine and/or primaquine were reported. The adherence of the participants to SIPT was 100.0% in the VA and 98.5% in the CT. elevations were observed after the rainy season and the application of the SIPT (Figure 3 ). In the present study more than 99% of the mosquitoes collected were Anopheles darlingi.
Seasonal Mosquitoes
Discussion
The success in reducing the incidence of falciparum malaria with Artemisinin-based Combination Therapy (ACT), recommended by the Brazilian Health Ministry [32] , did not affect the high incidence of vivax malaria in the Brazilian Amazon. The results of this study demonstrate that the proposed SIPT, to prevent recurrences, provides an efficient solution to control malaria by P. vivax in these areas. In this study, the very low incidence of falciparum malaria in the Brazilian Amazon allows the use of CQ as preventive treatment to the relapses of malaria by P. vivax. A second important difference is that IPT should be applied to all children for a long period, while the SIPT is selectively applied for only 12 weeks, and it is administered immediately after the supervised complete treatment for children and adult patients who had clinical infection by P. vivax. The SIPT can be considered an alternative method for the generalized use of CQ and in this case decreases the selective pressure on Plasmodium, avoiding the selection of resistant strains. Throughout this study, the decrease in cases of vivax malaria We observed that the SIPT application immediately after complete treatment for both APC and SPC, reduce more quickly the incidence of vivax malaria.
Our next goal is to verify if SIPT affects the natural development of immunity to vivax malaria. This problem has been studied in procedures using IPT in Africa and Papua New Guinea, with conflicting results. While one study evaluated the incidence of malaria on children in the following year that were treated (IPTc) [19, 35] , another suggests that the children may gain some weight [36] . In another study, children, who were treated monthly/bimonthly with IPTc, had interference in the development of protective immunity against clinical malaria by P. falciparum [20-24, 27, 37] .
A crucial point to the success of the SIPT procedure is the accuracy and efficiency of clinical and epidemiological surveillance. That depends on dedication and competence of health workers, as well as cooperation of local residents, who must have confidence in health workers. This study shows that public education and clarity of the healthcare procedures improves the participation of residents in the intervention [38] . In this study, the health workers got an acceptance rate of 98.3% by the inhabitants. Importantly, the involvement of health workers in this activity consumes less time than what is necessary for fetal-maternal care or mental health. Notably the SIPT can rapidly improve the wellbeing of localities and cause a favorable impact on other health problems. We suggest that it would be useful to organize a mobile team, which would cover a huge area to establish the widespread application of the SIPT. In the present study, the significant reduction in the incidence of vivax malaria with the new procedure reduces the number of individuals who need antimalarial drugs, while minimizing the criticism of IPT procedures. The procedure may be applicable to other tropical areas in Amazon Basin, where recurrence cases and treatment failure in malaria vivax was reported [39, 40] . Also include the identification and treatment of asymptomatic Plasmodium carriers when the approach is malaria control [41, 42] . One last point is the cost effectiveness of the SIPT. There is no doubt about the positive effect observed in this study, which could eradicate malaria in endemic areas of the Brazilian Amazon. With this protocol, the cost effectiveness depends on two elements: (i) improvements and maintenance of basic healthcare, and clinic-epidemiological surveillance, (ii) adequate physical facilities, equipment, and qualified personnel for the diagnosis of malaria, including molecular tools for detection of APC. To be effective, investments shall be made in training and qualifying technical and health workers. Thus, both elements are equally effective in improving healthcare in the Brazilian Amazon, particularly in reducing infant and maternal mortality, and other local endemic diseases which are responsible for high infant and maternal morbidity.
